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1Comment on “Two Fundamental Experimental
Tests of Nonclassicality with Qutrits“
In a recent paper [1] Ahrens et al. claim that our
“(...) experiment on qutrits does not test Klyachko et
al.’s inequality [2], but an inequality with extra correla-
tions” and that the “(...) experiment cannot be consid-
ered a proper test of a noncontextuality inequality, since
the same observable is measured with different setups in
different contexts”. We disagree with these claims. In
this note we briefly re-state how our test of the non-
contextuality inequality was constructed [3]. We explain
how we keep the context of measurements when switch-
ing between different terms of the tested inequality, and
we argue that we did in fact test the Klyachko, Can,
Binicioglu and Shumovsky (KCBS) inequality. In doing
so, we also clarify why our experiment is indeed a proper
test of noncontextual realism.
Ahrens et al. disregard the way our setup is con-
structed and this leads them to their incorrect conclu-
sions about our experimental test of the KCBS inequality
[3]. We stress that we do not base our argument on the
mathematical description of the setup, but instead, we
physically enforce the fulfillment of the requirements of
the test of a non-contextuality inequality: we always keep
one of the measurements physically fixed while changing
its accompanying measurement. Thus we explicitly test
whether the measurement which is kept fixed depends on
the context of the accompanying measurement. Below we
explain our experiment in more detail.
The starting point of our setup is a single-photon
source which provides us with a heralded photon in a
well-defined spatial mode. At the other end of the setup
we have detectors monitoring two out of three distinct
modes. To test the KCBS inequality [2]:
〈A1A2〉+〈A2A3〉+〈A3A4〉+〈A4A5〉+〈A5A1〉 ≥ −3, (1)
we need to be able to perform two-outcome measure-
ments. We define the measurement outcomes in the fol-
lowing way: If a detector clicks we assign −1 to the cor-
responding observable, if it does not click we assign +1
to it.
Fig.1 shows two out of five different configurations of
the measurement setup used to measure the five terms of
the KCBS inequality. When moving from the setup de-
picted in Fig.1.a to that of Fig.1.b, we apply a transfor-
mation to the lower two modes and leave the uppermost
mode untouched. The crucial property of our experiment
is that we physically keep one of the measurements un-
changed when moving between the terms of the inequal-
ity. In other words, the measurement common to both
configurations is not just alike in the two cases, but is
in fact the identical physical measurement. Mathemat-
ically, this can be described by a rotation whose axis is
the vector assigned to the unaffected mode. To move
between the further terms of the inequality, we keep ro-
tating the basis in the same way, always keeping one of
the measurements (vectors we project onto) unchanged.
Nevertheless, the last measurement is not physically the
same as A1, from which we started. They would be iden-
tical in the ideal case, in which the transformations would
be performed perfectly, but even in this case, these would
be two different physical realisations of the same projec-
tor. To account for this, we replace A1 in the last term
of the KCBS inequality with A′1 and add one extra term
to obtain:
〈A1A2〉+〈A2A3〉+〈A3A4〉+〈A4A5〉+〈A5A′1〉−A′1A1 ≥ −4.
(2)
The derivation of the modified inequality is analogous to
that of the original KCBS inequality. We also note here
that it is the topology of the original KCBS diagram,
not of our particular implementation, that is the reason
why the extra correlation needs to be measured. This
measurement certifies that after traversing the KCBS di-
agram we indeed come back sufficiently close to the start-
ing point.
To measure A′1A1 we need to find experimentally when
the two measurements have the same result, and when
not. Physically this can be viewed as checking how well
the corresponding modes overlap. If the modes were the
same, the two measurements would be identical and have
always the same results. (In this ideal case A′1A1 = 1,
and the inequality (2) reduces to the original KCBS in-
equality.) This would mean that whenever we block one
mode in A1, we perfectly block the same mode in A
′
1
also. We base our method of measurement of A′1A1 on
this observation. For more details see [3].
It is crucial for experimental tests of the KCBS in-
equality that there is one measurement common to neigh-
bouring pairs of measurements (e.g. the same physical
realisation of the measurement A3 appears in the mea-
surements of pairs 〈A2A3〉 and 〈A3A4〉). As we discussed
above, this requirement is met by our experiment intrin-
sically, because we leave one of the modes (and therefore
the corresponding projector) completely unchanged when
moving between the terms of the KCBS inequality.
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FIG. 1. Two (out of five) measurement stages. Straight, black
lines represent the optical modes (beams), gray boxes repre-
sent transformations on the optical modes. A key aspect of
our experimental implementation is that each transformation
acts only on two modes, leaving the other mode completely
unaffected. Thus, the part of the physical setup correspond-
ing to the measurement of A3 is exactly the same in both (a)
and (b) (likewise for other measurements which are not shown
here).
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